pletely. The volatile fatty acid isomers were separated by 5% Tween 80 somewhat less completely, and the peak shapes were not as sharp and symmetrical as that desired for good quantitative work. LAC-296 (20%) plus 2% H3PO4 proved to be the most satisfactory of the liquid phases for routine analysis of deproteinated in vitro rumen fermentation media. The column has been used for routine analysis of rumen fermentation fluid and in vitro rumen incubation fluid. All the organic acids from C2 to C5 , except isobutyric, could be quantitated with this column. Stability of the column with the aqueous solutions was extremely good. The standard deviation of the analysis of each volatile acid component in a fermentation fluid was less than 0.5 molar per cent. The short-chain organic acids (C2 to C5) were shown to be extremely stable in aqueous solution for as long as 6 months after preparation for gas chromatographic analysis by protein precipitation with metaphosphoric acid-H2SO4 and refrigeration at 4 C in stoppered tubes.
Investigations of microbial fermentations require rapid, precise methods of quantitative analysis of metabolic end products that are excreted in the media. The steam-volatile fatty acids (VFA) are a group of metabolites commonly found under such conditions of fermentation.
Column chromatography methods similar to that developed by Elsden (1946) have been used for some time for the separation of the VFA. These methods are time-consuming and require the use of large quantities of organic solvents. Since the development of gas-liquid chromatography (GLC) by James and Martin (1952) , investigators have extracted the VFA with subsequent conversion to esters, usually methyl (James and Martin, 1956) , prior to GLC analysis.
With the development of the hydrogen flame (HF) ionization detector, attention was turned to the analysis of free aqueous VFA.
The purpose of this investigation was to find the most suitable liquid phase for the direct GLC analysis of VFA in aqueous fermentation fluids.
Emphasis was placed on column separation, stability, and the adaptation of a column for rapid routine analysis of normal C2 to C5 VFA and their isomers. It (Raupp, 1959; Fukui, Nagatomi, and Murata, 1962) was obtained from K & K Laboratories, Inc., Jamaica, N.Y. Sebacic acid (Raupp, 1959) was from Eastman Organic Chemi- PACKETT AND MCCUNE cals, Rochester, N.Y., as was the docosanoic acid (Fukui et al., 1962 Correction factor for VFAX Area of butyric acid peak in an equimolar sample Area of VFAX peak in the same equimolar sample Total VFA was determined by steam distillation (Olmstead, Whitaker, and Duben, 1929) .
Extensive routine analytical work was done by use of the 20% LAC-296 plus 2% H3PO4 column with the Aerograph Hy-Fi 600 B. In vitro ovine rumen fermentation media were analyzed on this Table 1. column after the aqueous samples had been prepared by the method outlined previously. Table 1 summarizes the evaluations made of the tested liquid phases under the conditions stated. The operating conditions shown were established as optimal for the experimental conditions ard column.
RESULTS AND DISCUSSION
Characteristic chromatographic curves for each of the tested liquid phases are illustrated in Fig. 1 to 6 . LAC-296 (20%) plus 2% H3P04 afforded good separation of the major VFA (Fig. 5 ard 6 ).
Similar results have been observed by Rumsey (1963) . The chromatogram of a typical artificial rumen sample is illustrated in Fig. 7 . The column was best prepared by dissolving the liquid phase in dichloromethane and coating the Chromosorb W in a flash evaporator (Rinco Instrument Co., Greenville, Ill.), followed by the coating of aqueous H3PO4 in the same manner. This column is used extensively in this laboratory to separate VFA in the rumen liquor or in vitro fermentation media. The columns have been stable up to 3 months of continuous use and 500 determirations. Both the dioctyl sebacate plus sebacic acid and dioctyl sebacate plus docosanoic acid columns ( Fig. 2 and 3 ) yielded excellent separations of the VFA. However, the dioctyl sebacate plus sebacic acid liquid phase was rot stable. Increased stability, expected by substituting docosanoic acid for sebacic acid according to Fukui et al. (1962) , was not observed in this work. The lack of stability of both types is even more marked upon injection of aqueous solution.
Tween 80, although reported by Smith (1959) to be useful for the analysis of aqueous solutions, did not separate ethereal VFA into desired sharp, symmetrical peaks (Fig. 4) . It was not tested with aqueous solutions of the VFA.
A problem encountered in the analytical procedure as outlined was the incomplete precipitation of the protein in the in vitro fermentation media. Apparently, the small amount of protein sometimes remaining in solution caused baseline difficulties in a number of the analyses. When this occurred, peak areas were approximated by the "height X width at half-height method" (0.84 area = height X width at halfheight; Burchfield and Storrs, 1962) . This procedure, although accurate, is tedious and timeconsuming. A recent report by Hoehne, Cramer; and Daugherty (1963) (Fig. 1) .
